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Abstract
As the world continues to move into a global economy, companies have more choices
in terms of who their suppliers are and who their customers are. Improved techno-
logical and communication capabilities have allowed firms to maximize the efficiency
of each step of their business process. This thesis aims to explore some aspects of
this outsourcing trend by looking at a test scenario involving the manufacturing and
shipping costs of the production of a test part. For this project an injection molded
plastic plate made of polypropylene copolymer was chosen as a test part, and requests
for quotes were sent to 64 plastic injection molding firms around the world. Shipping
costs were calculated based on a test firm location of Chicago, Illinois. The further
the manufacturer is from the test firm location, the higher the shipping costs are.
The manufacturing costs are generally lower for Asian manufacturers than for Eu-
ropean or American manufacturers, varying inversely proportionally to the distance
from the test firm location. Overall, the combined manufacturing and shipping costs
are approximately parabolic when expressed as a function of distance from the test
firm location.
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Title: Professor of Mechanical Engineering
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Chapter 1
Introduction
As technology and communication bring the world closer together, consumers can
search among a wider market, resulting in increased competition among firms; how-
ever, firms have also gained access to new suppliers of their business processes, so
many have turned to the world market to minimize their costs and to operate various
business processes more efficiently. According to Oshri et al., Information Technology
Outsourcing (ITO) revenues exceeded $250 billion while those for Business Process
Outsourcing (BPO) were more than $140 billion worldwide by the end of 2009 [11].
"Offshoring" is the outsourcing of a part of a company's business process to a
foreign country. Manufacturing processes are often offshored, mostly due to the lower
labor costs in other parts of the world, namely India and China. Today, an auto-
mobile made by a major car producer has more than twelve thousand parts, likely
sourced from hundreds of major suppliers in a dozen or more countries worldwide
[2]. IBM claims "90,000 business partners worldwide, including consultants, integra-
tors, software vendors, value-added resellers, and distributors." In addition to IBM,
other global companies that had more than 15% of their employees in India in 2006
included Accenture, Oracle, EDS, and Cap Gemini. In 2007, McKinsey Global Insti-
tute estimated that "160 million jobs, or about 11% of the 1.46 billion service jobs
worldwide, could in theory be carried out remotely, barring any constraints on sup-
ply." As technology allows processes to be transferred more smoothly, we can only
expect that more firms will choose to segment their business processes to achieve
maximum efficiency. In today's world, it is simply impractical for a large company to
contain all of its business processes in-house effectively, either due to the wide variety
of competencies required of any modern company or the difficulty of simultaneously
maintaining cost efficiency in all of its business processes.
This thesis conducts a case study to investigate the manufacturing costs and
shipping costs of producing a test part in various locations around the world. Chapter
2 provides background information about outsourcing in general, the current status
of offshoring, popular offshoring destinations, and factors to consider when offshoring.
Chapter 3 discusses the development of the test part used in the project and presents
the final test part design. Chapter 4 contains the data collected during this project,
and Chapter 5 provides the analysis and discussion of the data. Finally, Chapter 6
concludes the thesis with contributions and future work.
Chapter 2
Background
The cost of logistics decreases as technological advances make transportation and
communication increasingly efficient. As a result, companies can break their business
processes into modular segments that may be transferred to other companies, regard-
less of physical location. Outsourcing began with the division of labor thousands
of years ago, as illustrated by a series of caves in the Abruzzo province of Italy[2].
One of these caves, the Grotta Sant'Angelo, housed a workshop for making flint tools
as early as 25,000 years ago. While early hominids each made these tools within
their own families for personal use, production eventually concentrated near the raw
material sources, and the finished products were distributed among the region via
trade arrangements. Since then, outsourcing has evolved into a more complex form
of specialization involving highly developed networks. In 2000, Ronald Jones referred
to this phenomenon as "fragmentation" in his Ohlin Lecture [4]. Firms around the
world are on an increasingly even playing field because they can search further for
better and cheaper suppliers and business partners.
First, we define outsourcing and various associated terms. Oshri et al. define the
broader term of "sourcing" as "the act through which work is contracted or delegated
to an external or internal entity that could be physically located anywhere" [11].
A firm has several options when it decides where and how to conduct a part of
its business process, such as the production of parts. Feenstra lays out the various
arrangements in a table reproduced in Table 2.1 [4]. The location of the production
Home country Foreign country
In-house Integration Multinational
Outsource Domestic outsourcing Foreign outsourcing
Table 2.1: Organizational choices for the firm [4].
process could be within the firm's home country or in a foreign country, and the
ownership of the production process could be kept by the company or outsourced to
another company [4]. Another related term is "offshoring," which technically applies
to a multinational but has been used to encompass both the multinational strategy as
well as the foreign outsourcing strategy [4]. Oshri refers to the multinational strategy
as a "captive model" of offshoring, and offshoring to neighboring countries such as
Canada or Mexico as "nearshoring" [11].
A popular approach In deciding whether or not to outsource is to use the property-
rights theory of Grossman, Hart, and Moore [4]. In this theory, the firm is divided
into workers and managers, and together they share the firm's surplus, or profits.
Integration and outsourcing result in different surplus distributions for the two parties,
and the firm should choose the organizational system that maximizes total surplus.
In this thesis, however, we consider the question of where to outsource, not whether
to outsource.
2.1 Offshoring
Offshoring has become an increasingly influential driver of the global economy. In-
creased organizational capabilities at the global level have greatly sped up the push
to offshore, along with the supply of skilled, low-cost labor and improved business,
economic, and political conditions in several developing countries [11]. For example,
countries such as Barbados and Jamaica have constructed extensive telecommunica-
tions infrastructure that are very attractive to firms looking to offshore contact center
services there. Other countries such as Ireland offered tax incentives for Business Pro-
cess Outsourcing (BPO) firms, and Jamaica's BPO free trade zones are tax free. The
US tax code even allows firms to defer taxes on offshore units until the money returns
to the US, which is effectively an interest-free loan on taxes owed. Over 200 firms from
the Forbes 2000 companies and nearly 50% of the Fortune Global 250 had offshored
their IT and business process activities by 2006. In 2008, the countries that exported
the most of such services are, in order, India, China, Russia, and Brazil. According
to Oshri et al., offshore business and Information Technology (IT) services generated
revenues exceeding $60 billion by the end of 2009, and the compound annual growth
rate for offshore outsourcing is expected to be around 20%. The countries that export
offshoring services have vast populations and growing economies, so it is important
to understand how this trend might progress and what it will mean to the global
economy as a whole.
In 2006, Lewin and Peeters conducted a survey of 90 companies among the 650 US
companies in the Forbes Global 2000 regarding the major functions that they offshored
[11]. They found that the most common functions offshored were, in decreasing
order, IT, finanace/accounting, contact centers, and engineering services. They also
investigated the companies' expected growth rate in offshoring implementations in the
next 18 to 36 months and found that the areas of highest expected growth rate were,
in decreasing order, research, human resources, engineering services, and IT. The
distribution of captive offshoring versus outsourced offshoring varied widely among
functions. While IT and contact center offshoring leaned heavily toward outsourcing,
offshoring of finance and accounting was mostly in-house. The distribution of the
locations for all offshoring activities are taken from Oshri and shown in Table A.1.
India is heavily represented due to the tremendous amount of IT offshoring sent there.
2.1.1 Benefits of Offshoring
Firms have many incentives to consider offshoring, most of which involve cost advan-
tages, access to specific skills and expertise, and the ability to concentrate on their
core competencies rather than be stretched thin over all of their business processes
[11]. Firms can benefit from economics of scale when their business needs can be com-
bined with other firms' similar needs into a third party company elsewhere. When
combined with lower costs associated with offshoring in areas such as labor and reg-
ulation, the firm can expect a significant cost reduction. Global outsourcing can also
decrease cycle time and allow the firm to respond better to changes in demand as the
relevant business processes are spread among a network of suppliers, thereby reducing
overall risk. The 2006 study of Lewin and Peeters also asked about the drivers and
risks of offshoring, and the drivers are shown in Table A.2. The main drivers were
cutting costs, responding to competitive pressure, and improving service levels.
2.1.2 Difficulties of Offshoring
Bringing business processes to a foreign country also carries several concerns [11].
Overdependence on a third party may threaten the firm as it loses control of elements
crucial to its business. When a third party takes over a segment of a firm's business
processes, the firm also loses the ability to control the timing and quality of the
products. For many firms, security and confidentiality of data may also be a large
concern, so bringing in a third party adds a significant security risk. Another issue
that firms have to worry about with offshoring is the risk of their supplier bypassing
them to get to market directly. If the firm's core competencies are not enough of
a barrier to entry, then the firm could inadvertently train a future competitor. Of
course, there are also direct consequences of outsourcing such as redundancies and
layoffs. The perceived risks of offshoring from the 2006 study by Lewin and Peeters
are shown in Table A.3. The risks that the most respondents thought were important
were poor service quality, lack of cultural fit, and loss of control.
2.2 Offshoring Destinations
As of 2008, the most attractive offshoring destinations for ITO and BPO are India,
which has 65% of the ITO and 43% of the BPO market, Brazil, Russia, and China,
collectively known as the BRIC countries [11]. There are also new entrants in the
offshoring market who are trying to differentiate themselves from the BRIC countries
and other entrants. For example, Egypt is promoting itself as a call center destination
specializing in European languages, and Dubai and Singapore are advertising their IT
security systems and legal systems. The Philippines, a former US colony, advertises
its cultural ties with the US and the excellent English skills of its population for
English call centers. By specializing in niche areas, new entrants can successfully
compete with BRIC countries, according to a 2008 study by Kotlarsky and Oshri.
2.2.1 India
India has gained great visibility in the offshoring market and has become more than
just a low-cost destination. Its locational advantages include a large qualified work
force, low labor cost, and language competencies; however, India's draw as an off-
shoring choice is hampered by its underdeveloped infrastructure [101. The business
environment in India is further complicated by the fact that it is made of almost
30 heterogeous states with varying characteristics. The states have non-uniform in-
frastructure and differing economic policy, which makes it difficult for international
companies to conduct business in India.
The industry that has dominated the outsourcing activities in India is Informa-
tion Technology [10]. Other sectors that have grown in India include automotive,
electronic, food, steel, chemistry and distribution sectors that accounted for a 20%
growth of Indian manufacturing exports in 2007. Indian suppliers are aiming to as-
sume higher-value activities including R&D and Knowledge Process Outsourcing, and
Western clients with long relationships with Indian suppliers are willing to cooperate
with them on an increasingly wider variety of projects [11].
2.2.2 China
China is another obvious emerging location for offshoring [7]. Its economy is the
world's third largest after the United States and Japan, and its average annual GDP
growth rate has been above 10% for the past 25 years, the highest among major
nations. China has traditionally been known as a manufacturing base for offshoring
companies. Recently, the government has focused efforts on science and technology
sectors as the next step, establishing research and technology parks, favorable tax
incentives, grants for certification, and infrastructure investment. In 2006, China
invested $142.3 billion in Information and Communication Technologies and $5 billion
in English language training, which should improve China's competitiveness in the
offshoring market [11]. In January 2009, the State Council formally announced the
establishment of 20 Service Outsourcing Base Cities that would enjoy advantageous
taxation policies and substantial subsidies [7]. The Chinese government has also
heavily invested in infrastructure in housing, telecommunication, and transportation,
with the hopes of attracting offshoring clients.
2.3 Offshoring Considerations
We discuss here some factors that firms consider when they weigh offshoring as an
option. Under costs, companies must compare labor costs, infrastructure costs, and
corporate taxes [11]. For example, a programmer in the US earns around $100,000
annually, while a programmer in India with the same qualifications and skills earns
$30,000 or less. When considering the availability of skills, factors include the skill
pool and vendor landscape. Some relevant skills may include technical and business
knowledge, management skills, and language skills. The supplier's delivery compe-
tency, quality of service, and company values are also considerations. As a business
environment, relevant factors include governance support, business culture, living
environment, and accessibility. Quality of infrastructure factors include telecommu-
nication and IT, real estate, transportation, and power supply. Risk factors include
security issues, disruptive events, regulatory risks, macroeconomic risks and intellec-
tual property risks. In terms of the market, growth of the local market and access
to nearby markets are also factors. In 2007, A.T. Kearney scored countries based on
financial attractiveness, people and skills availability, and business environment, and
found that the most attractive countries for offshoring are India, China, Malaysia,
and Thailand.
Chapter 3
Experimental Design
This thesis involves the design of a test part used as a control to compare the man-
ufacturing and shipping costs of producing the test part in various locations around
the world. The main aspects of the experiment that needed to be designed are the
test part itself and the cost calculation parameters.
3.1 Test Part Development
In order to obtain comparable data about manufacturing and shipping costs from
different locations, a control test part and a control manufacture process for that part
were needed. Once the test part and manufacture process were designed, requests
for quotes could be sent out to the appropriate parties and their prices could be
compared.
3.1.1 Test Part Considerations
There were several requirements for the test part. The test part itself must be simple
and common enough that a majority of manufacturers would be able to produce it
and the resulting parts from different manufacturers would be comparable. It must
naturally suit itself to the same simple manufacturing process so that the prices
received from different manufacturers were for comparable processes. The material
that the test part is made from must be a widely used material so that there are
not significant cost imbalances from different locations due to the raw material cost.
The test part's expected cost range must be large enough that statistical differences
between quotes can be differentiated from fundamental differences in manufacturing
and shipping costs. For example, if the test part costs ranged from $5.00 to $10.00,
then conclusions can be drawn more certainly than if they ranged from $0.05 to $0.10.
Likewise, the test part should be large enough that shipping costs can be tangibly
compared.
3.1.2 Test Part Final Design
The final test part design used for this thesis is a semi-disposable plastic plate made
of white poplypropylene copolymer (Figure B-1). The dimensions of the test part are
shown in Figure B-2. The mass of the part is approximately 70g.
A plate was chosen as the final design because it naturally lends itself to a simple
single cavity mold and can be easily manufactured by injection molding, which is a
common manufacturing process. Having only one part made from a uniform mate-
rial focuses the study on the effect of location on the manufacturing of the part and
removes other factors of cost such as assembly, handling of different materials, etc.
Professional Plastics Inc. published a booklet entitled "Plastic Materials Used in Food
Processing Equipment and Material Handling" that lists plastics that have been ap-
proved for food handling by various administrations [6]. Of these plastics, polystyrene
is a common choice for disposable plates, but it is generally used for plates that are
very thin and would normally be thermoformed. The per part cost would be cheap
enough that there would not be a large range in prices from different manufactur-
ers. Polypropylene, on the other hand, is a tougher plastic, so the test part could
be a more expensive semi-disposable plate. The three general types of polypropylene
are homopolymers, random copolymers, and block polymers. Polypropylene random
copolymer is the one that has good impact strength at food handling temperatures,
some stiffness, and moisture barrier properties, so it is commonly used in injection
molded reusable food containers [9]. Thus, a semi-disposable plate made of injection
molded polypropylene random copolymer was chosen as the test part.
3.2 Integration Manufacturing Cost
As a baseline for comparison, a basic estimation of manufacturing costs was performed
for the scenario where a firm decides to keep production in-house in the United States,
integrating the manufacturing process into the firm. For an estimate on the cost of
an appropriate injection molding machine, I interviewed David M. Gold, president of
Gold International Machinery Corporation, who supplies injection molding machines
to domestic as well as foreign manufacturers [5]. The required tonnage of the injection
molding machine is 2.8 times the square area to which pressure will be applied, which,
for the aforementioned test part, is approximately 2.8 x 100 = 280 US tonnes. For
new injection molding machines, prices for a 281 US ton machine range from $100,000
to $200,000, with the more expensive machines generally requiring less energy to run.
A used machine could be obtained for approximately half of those prices. In addition
to the injection molding machine, Mr. Gold also gave information on other costs
associatd with integrating injection molding. For example, other essential auxiliary
equipment include process chillers, material drying and conveying equipment, and
automation equipment. Labor costs include a qualified machine operator, typically
hired at $20 hourly plus benefits. Overhead costs include utilities, taxes, insurance,
and rent (typically $6 per square foot). These costs are generally cheaper in countries
such as China, India, Korea, and Indonesia, than in the United States, Japan, and
countries in Europe.
The cost of raw materials was obtained from The Plastics Exchange LLC [8]. The
price of polypropylene copolymer from April 23, 2010 through April 08, 2011 can be
seen in Figure B-3. For the sake of simplicity, the material cost was estimated to be
the average for the year, which was approximately $0.75 per pound. Since the plates
have a mass of approximately 70 grams, the material cost per part is around $0.12.
Thus, a very conservative estimate is $50,000 for the injection molding machine and
$0.12 for the material cost per part.
3.3 Cost Calculation
The manufacturing costs for the mold and the test parts were obtained from quotes
from various manufacturers. In instances where the manufacturer added a shipping
cost for the mold, the shipping cost of the mold was added to the mold cost to obtain
an effective mold cost. The per part costs were obtained for the same batch size
of 1000 in order to be comparable. A batch of 1000 parts with packaging weighs
approximately 90 kg, or 200 lb, and fits on a single standard 48" x 40" pallet. As
a control location, the test parts are made for a company based in Chicago, Illinois
with area code 60618. Chicago was chosen as the desination because it is a common
business hub that is geographically located at the center of the United States. The
shipping costs were quoted using these details from Fedex.
Chapter 4
Results
This section documents the data collected for this thesis, including the costs of manu-
facturing the mold, manufacturing the parts, and shipping the parts. For this thesis,
requests for quotes were sent to 64 plastic injection molding firms around the world.
Of these, 32 were firms based in the United states, and 32 were international firms.
There were 21 firms that responded with quotes, 12 domestic and 9 international,
for a response rate of around 37.5% domestically, 28.1% internationally, and 32.8%
overall.
4.1 Mold and Per Part Manufacturing Costs
The data from the quotes are compiled in Table A.4. The identities of the firms are
omitted to protect their privacy. In cases where the firm gave a quote for many batch
sizes, each batch size has its own entry, keeping the same firm number, thus resulting
in 34 rows in the table. In cases where the firm charges for the shipment of the mold
from their supplier to their production facility, the shipping charges were added to
the cost of the mold to give the effective cost of the mold.
4.2 Shipping Costs
The shipping costs were obtained for a shipment of 1000 parts weighing 90 kg, or
200 lb, with Chicago, Illinois 60618 as the destination. The domestic and interna-
tional shipping rates were quoted from Fedex based on the FedEx Service Guide
[3]. Quoting all the firms using FedEx allows a fair comparison between the dif-
ferent cities independent of freight carrier. Domestic shipping rates were for FedEx
3Day@Freight. International quotes were door-to-door rates for FedEx International
Economy@Freight. The results are shown in Table A.4.
Chapter 5
Analysis and Discussion
In this section the data are analyzed and displayed visually in two ways. The first
is on a geographical map where a filled circle is placed at each location, the size of
which is proportional to the quoted cost. The second is on a scatter plot of cost
versus distance from Chicago, Illinois. The geographical maps were generated from
a web script written by Wesley Brown [1]. In addition, various trends are discussed,
and the limits of the data are explained.
5.1 Mold and Per Part Manufacturing Costs
The mold and per part manufacturing costs are each shown in the two ways described
above. For firms that gave per part costs for multiple batch sizes, only the one with
the batch size closest to 1000 is included, yielding 21 circles, one for each unique
firm. Firm #5 happens to specialize in manufacturing prototypes and small batches
of parts, so the quoted price is significantly higher than all of the other quotes and
should be considered an outlier. This data point was omitted from the per part data
in order to obtain a clearer picture. Mold costs around the world are shown on a
geographical map in Figure B-4 and as a scatter plot in Figure B-5. Per part costs
around the world are shown on a geographical map in Figure B-6 and as a scatter
plot in Figure B-7.
For mold cost, we see that the mold is cheaper in Asia and more expensive in
Europe than in the United States, resulting in a roughly parabolic data set when
plotted against the distance from Chicago, Illinois. The per part cost, once we remove
the aforementioned outlier, shows a linear trend with a negative slope when plotted
against the distance from Chicago, Illinois.
There are also several factors that are in effect but are not studied in this thesis.
For example, the manufacturing firms may have different policies regarding the bal-
ance of the cost of the mold versus the cost of the parts. One firm may opt to earn
most of their profits from the mold and aim for large shipments at bulk prices. Other
firms may choose to sell customers on a low cost mold and earn more profit from each
batch afterwards. These policy decisions are not considered in this study and would
be difficult to analyze with this data.
5.2 Shipping Costs
FedEx was chosen as the freight carrier because it has the infrastructure to deliver
from all of the locations investigated easily. By quoting all of the shipping costs from
FedEx, we isolate the effect of distance on shipping cost and remove the factor of
differing freight carriers. FedEx divides delivery destinations into regions and the
shipping cost of freight is solely based on the region of the destination and the weight
of the shipment. This unfortunately results in low resolution, but the data is still
enough to give a general idea of shipping costs. The geographical representation of
shipping costs is shown in Figure B-8, and the line graph representation of shipping
costs as a function of the distance from Chicago, Illinois is shown in Figure B-9. We
see that the shipping cost increases with distance, as expected.
5.3 First Batch Costs
With this data, we can add the mold manufacturing cost, one thousand times the
per part manufacturing cost, and the shipping cost to obtain the total cost for the
first batch of test parts from each manufacturer. This data is again presented in
geographical as well as line graph forms in Figures 5-1 and 5-2, respectively. We see
that when manufacturing costs are combined with shipping costs, the total cost is
approximately parabolic with respect to the distance from the destination.
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Figure 5-2: First batch total costs for each quoted firm shown on a scatter plot as a
function of the distance from Chicago, Illinois.
Chapter 6
Conclusion
This thesis studied how manufacturing and shipping costs varied at different locations
around the world. A sample test part was designed to be used as a control part.
Quotes were obtained from 21 plastic injection molding manufacturers, of whom 12
were in the United States and 9 were abroad. The results were analyzed to find the
manufacturting costs and shipping costs as a function of the distance from the control
location of Chicago, Illinois.
6.1 Contributions
From the graphs, we can make some conclusions about the costs as a function of
distance from Chicago. The mold manufacturing cost is approximately parabolic.
The per part cost is approximately linear with a negative slope after an outlier is
removed from the data set. The shipping cost is approximately linear with a positive
slope. From the total cost graphs, we conclude that the total cost of the first batch of
1000 parts as a function of distance from Chicago, Illinois is approximately parabolic.
6.2 Future Work
To investigate further the costs associated with various locations around the world,
there are numerous other factors that can be analyzed. The data show that according
to the total costs of the first batch, the cheapest places to make the test part are
either really close to Chicago or really far from Chicago. However, when the extra
costs associated with other factors such as import taxes, longer lead time, and quality
of the final products are considered, foreign outsourcing may not appear as attractive.
Other important factors that could be explored are different shipping options, batch
sizes, and annual usage. A firm would weigh each element of cost differently depending
on the volume of parts anticipated. Finally, different test parts can be designed to
focus on other manufacturing processes such as thermoform manufacturing.
Appendix A
Tables
Table A.1: Locations of offshoring [11].
Locations Existing implementations New implementations (next
(in %) 18 to 36 months) (in %)
India 69 66
China 7 7
Other Asia 7 16
Latin America 6 1
Philippines 4 3
Canada/Mexico 4 1
Eastern Europe 3 6
Offshoring strategic drivers Respondents citing driver as
important (in %)
Cut down costs 93
Competitive pressure 69
Improving service levels 56
Accessing qualified personnel 55
Changing rules of the games 41
Industry practice 37
Business process redesign 35
Access to new markets 33
Enhancing system redundancy 27
Table A.2: Strategic drivers of offshoring, as taken from [11].
Risks perceived Respondents citing risk as
important (in %)
Poor service quality 61
Lack of cultural fit 54
Loss of control 51
Lack of client acceptance 49
Lack of data security 46
Weakening employee morale 45
Employee turnover in offshore service center 44
Operational inefficiency 41
Infrastructure instability in host country 40
Intellectual property loss 39
Political instability in host country 39
Political backlash 35
Disaster recovery 26
Table A.3: Perceived risks of offshoring, as taken from [11].
Firm Location Mold Cost Per Part Quantity Shipping
Cost Cost
1 South Beloit, Illinois 24600.00 1.22 1000 158.00
2 Chesterfield, Missouri 9562.00 2.74 1000 276.00
3 Bedford, Ohio 28000.00 0.73 1000 276.00
4 Atlanta, Georgia 19760.00 1.45 6000 330.00
4 Atlanta, Georgia 19760.00 1.37 12000 330.00
5 Maple Plain, Minnesota 9770.00 5.90 1000 330.00
6 Rochester, New York 11500.00 1.23 1000 330.00
6 Rochester, New York 11500.00 1.05 2000 330.00
6 Rochester, New York 11500.00 0.99 3000 330.00
6 Rochester, New York 11500.00 0.97 4000 330.00
6 Rochester, New York 11500.00 0.95 5000 330.00
7 Middletown, Connecticut 18835.00 0.88 1000 366.00
8 Hudson, Massachusetts 20000.00 1.49 1000 366.00
8 Hudson, Massachusetts 20000.00 1.29 5000 366.00
8 Hudson, Massachusetts 20000.00 1.27 10000 366.00
9 Pittsfield, Massachusetts 13000.00 2.35 1000 366.00
10 Oceanside, California 21950.00 1.90 1000 644.00
10 Oceanside, California 21950.00 1.81 5000 644.00
10 Oceanside, California 21950.00 1.74 10000 644.00
11 Chino, California 14000.00 2.20 1000 644.00
12 Vancouver, Washington 14630.00 1.60 500 644.00
12 Vancouver, Washington 14630.00 1.46 1000 644.00
12 Vancouver, Washington 14630.00 1.33 2500 644.00
13 Droitwich, United Kingdom 29896.71 0.59 5000 1180.00
14 Juelsminde, Denmark 23086.40 1.01 1000 1580.00
15 Guandong, China 14500.00 2.75 1000 1810.00
16 Yuyao, China 11870.83 0.98 1000 1810.00
16 Yuyao, China 11870.83 0.86 2500 1810.00
16 Yuyao, China 11870.83 0.76 5000 1810.00
17 Shenzhen, China 4843.75 0.28 1000 1810.00
18 Shenzhen, China 11000.00 0.88 2000 1810.00
19 Zhongshan, China 11500.00 0.55 5000 1810.00
20 Maharashtra, India 3945.00 0.50 1000 1334.00
21 Hyderabad, India 4200.00 0.34 1000 1334.00
Table A.4: Quotes collected from firms and shipping costs collected from FedEx (in
USD) [3].
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Appendix B
Figures
(a) Test part plate, top view
(b) Test part plate, bottom view
Figure B-1: Test part plate from the top (a) and bottom (b).
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Figure B-2: Test part plate engineering drawing.
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Figure B-3: Polypropylene market data showing the TPE contract range and weighted
spot ask from April 23, 2010 through April 08, 2011, as taken from [8].
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Figure B-4: Geographic representation of the mold manufacturing costs of each
quoted firm relative to each other [1].
Mold Manufacturing Costs versus Distance from Chicago,
Illinois
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Figure B-5: Mold manufacturing costs of each quoted firm shown on a scatter plot
as a function of the distance from Chicago, Illinois.
Figure B-6: Geographic representation of the per part manufacturing costs of each
quoted firm relative to each other [1].
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Figure B-7: Per part manufacturing costs of each quoted firm shown on a scatter plot
as a function of the distance from Chicago, Illinois.
Figure B-8: Geographic representation of the shipping costs for each quoted firm
relative to each other [1].
Shipping Costs versus Distance from Chicago, Illinois
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Figure B-9: Shipping costs for each quoted firm shown on a scatter plot as a function
of the distance from Chicago, Illinois.
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